In this paper, we investigate how the initial value belonging to spaces W σ (R N ) (0 < σ < N) affects the complicated asymptotic behavior of solutions for the Cauchy problem of the evolution p-Laplacian equation with absorption. In fact, we reveal the
Introduction
In this paper, we study the complicated asymptotic behavior of solutions for the Cauchy problem of the evolution p-Laplacian equation with absorption and put λ =  in (.). The rest of this paper is organized as follows. In the next section, we give some concepts and lemmas. Section  is devoted to the study of the nonexistence of complexity for the asymptotic behavior of solutions. The complexity of asymptotic behavior for the solutions is considered for σ = 
Preliminaries
In this section, we first give some concepts as
The space X  is given by 
for some α > . Note that for  < σ < N ,
So we can define an operator
where u(x, t) is the solution of Problem (.)-(.) with the initial value u  (x).
Lemma . ([, ]) For w  ∈ X  , there exists a unique global weak solution w(x, t) of Problem (.)-(.). Moreover, the evolution p-Laplacian equation generates a bounded semigroup in X
The following two lemmas appeared in [] to study the chaotic dynamic systems in the evolution p-Laplacian equation. Let us write (t) = {x ∈ R N ; w(x, t) > }, and let d(x, (t)) be the distance from x to (t).
Lemma . (Propagation speed estimate []) Suppose  < σ < N . If w(x, t) is the weak solution of Problem (.)-(.) with the initial value w
we have
where
.
The following lemma concerns the decay estimate of the solutions.
3 Nonexistence of complexity: 0 < σ < p q-p+1
In this section, we consider the nonexistence of complicated asymptotic behavior for the solutions of Problem (.)-(.) with the initial value u  ∈ W + σ (R N ). The ideas of the proof of the following lemma come from [, , ], we give it here for completeness.
and let
If u(x, t) is the solution of Problem (.)-(.) with the initial value u
This uniform upper bound implies that the sequence {u k } is equicontinuous on compact subsets of (, +∞) × R N . So we can extract a convergent subsequence {u k } such that
on compact subsets of (, +∞) × R N . Therefore, for every C > , putting t = , kx = x and
q-p+ = t , we obtain, omitting the primes,
The proof of this lemma is complete. 
Proof Suppose that (.) holds for some ϕ(x) ≡ . And, without loss of generality, we assume that for some
It follows from (.) that there exists an integer n  such that if n ≥ n  , then
. By using Lemma ., we obtain that 
So, from (.), we have
Taking n = max(n  , n  ), and then letting C = |x  |t
Thus we deduce from (.) and (.) that
So we get a contradiction. Therefore, (.) cannot hold for ϕ(x) ≡ . This means that if (.) holds with  < σ <
and the proof is complete.
Complexity: σ = p q-p+1
To give the result about the complicated asymptotic behavior of solutions, we need introduce some concepts. For  < σ < N and M > , the convex closed set B σ ,+ M is defined as
, it follows from this definition and (.) that the following commutative relation holds [] :
Now we give the result that for σ = 
Therefore, there exists a sequence {ϕ j } j≥ ⊂ F such that I. For every φ i ∈ F, there exists a subsequence {ϕ i k } k≥ of the sequence {ϕ j } j≥ such that
II. There exists a constant C >  such that
Note that p q-p+ = σ < N . So the following inequality holds:
Now we can follow the methods given in [, , ] to construct an initial value by
and χ j (x) is the cut-off function defined on {x ∈ R N ;  -j < |x| <  j } relatively to {x ∈
By (.) and (.), we have
It follows from (.) that
We thus conclude from the definition of λ j , comparison principle [] and Lemma . that
The same result holds for  < t < ,
From the comparison principle [, ], Lemma ., (.) and (.), we have
as n → ∞. For every φ ∈ F, it follows from (.) and (.) that there exists a sequence {ϕ n k } k≥ such that if
By the L  -contraction principle [, ], we conclude from (.) and (.) that
Thus we deduce from (.) and (.) that there exists a subsequence, which we still denote as T(
Therefore, the regularity of the solutions (see (.)) indicates that
So, for every ε > , we obtain from Lemma . and the comparison principle that there exists k  >  such that if |x| ≥  n k , then
and
Therefore, from (.), (.) and (.), we get
uniformly on R N . Combining this with (.), we get that for every φ ∈ F, there exists a
n k in (.), we can conclude from (.) that (.) holds, and the proof is complete. 
then for every sequence t n → ∞, the following limit holds: Then we define the functions
It follows from the comparison principle that V (x, t) = V k (x, t) ≥ w k (x, t) ≥ u k (x, t).
It is well known that V (x, t) = t where k γ τ ≥ . Let ξ ∈ C ∞ (Q T ) which vanishes at large x and at t = T, then u k and w k satisfy the integral identity
